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SUMMARY 



Comparative data on the "behavior of plain and alclad 
24S-T sheet under several types of structural loading are 
presented. The results indicate that, as far as fie rural 
stiffness and resistance to buckling are concerned, the 
effect of the soft protective coating on alclad sheet is 
equivalent to a reduction in thickness of about 7 percent. 
Differences in the stiffness and -the "buckling rosistancc 
of plain and alclad 24S-T sheet, or in the thickness re- 
quirements necessary to offset such differences, may he 
estimated on the basis of this reduced effective thickness. 
Although alclad sheet is much more sensitive to flexural 
permanent set than plain sheot because of the low elastic 
strength of the coating, differences in pcrmanent-sdt 
characteristics have little bearing upon the relative load- 
carrying capacities of the two materials in structural 
applicat i ons . 

•INTRODUCTION 



Because of its sup-erior corrosion resistance, partic- 
ularly where spot welding is used, alclad 24S-T is used 
more generally than plain 24S-T in aircraft construction. 
Although .the sacrifice in tensile properties involved- in 
the use of alclad rather than plain sheet is known, experi- 
mental data are needed to show .the relative "behavior of 
these materials under other common types of structural load- 
ings. This report presents in condensed form the results 
of tests pertaining to the relative flexural stiffness, 
"buckling resistance, permanent-set characteristics, and 
ultimate strengths of similar specimens of plain and al- 
clad 24S-T sheet. 
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DESCRIPTION 0? SPECIMENS AND PROCEDURE 



Two thicknesses of material, nominally 0.064 inch and 
0.250 inch, were obtained in plain and alclad 24S-T for 
these comparative tests. The different types of specimen 
used and the procedures followed may "be described as fol- 
1 ows : 

1. Tensile and compressive property determinations 
were made on all lots of material for the direction paral- 
lel to that in which the materials were stressed in the 
structural tests. The tensile tests were all made on l/2 
inch wide, shoot-typo specimens (reference 1); strains 
wore measured over 2-inch gage lengths "by means of a 
Templin autographic electrical extensomet er . The compres- 
sion tests on the 0.054-inch material were made on seven- 
piece packs (reference 2), 5/8 inch wido "by 2 inches long; 
the tests on tho 0.250-inch material were made on single 
1-inch wide strips, 2.89 inches long. Compressive strains 
in all cases were determined "by means of Huggenbergor tcn- 
sometcrs on l/2-inch gago longths. 

2. Bending tests were mado on 3-inch-wide strips 
from all lots of material in order to show differences in 
the flexural stiffness and permanent-set characteristics 

of single thicknesses of material. The tests woro made in a 
40,000-pound capacity Amsler hydraulic testing machine, 
using central concentrated loads on 6-inch and 8-inch 
spans. Bonding deflections and permanent sets woro meas- 
ured at tho center of the spans "by means of a dial indicator 
graduated in thousandths of an inch. 

3. Column tests ^cro made on 1-inch-widc strips of 
the 0.250-inch material in lengths ranging from 2.39 to 
28.9 inches, corresponding to effective slenderness ratios 
OiL/r) from about 20 to 200. These specimens were loaded to 
failure in a 40,000-pound capacity Amsler hydraulic test- 
ing machino, using fixed bearing heads. 

4. Eiguro 1 shows the dimensions of the box beams 
fabricated from the 0.054-inch sheet. These spocimens 
were all 40 inches long and each specimen was composed of 
two formed channel sections, 3 inches deep, to which cover 
sheets wore riveted. Over-all widths of 2-J ^~-cL 4-^- inches 
were used in both materials to provide flanges having wide- 
ly different buckling characteristics. Table I gives the 
essential section elements. 
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Bending tests were made on these specimens in a 40, 000- 
pound capacity Amsler hydraulic testing machine, using a 
third-point loading on a 36-inch span. Deflections and 
permanent sets at the center of the span wcro measured by 
mirrored scales attached to the beams, midway between 
flanges, and fine wiros stretched between the ends of the 
span. fflango stresses wore measured in the middle third 
of the span by means of Huggenbcrgor tonsomoters on gage 
lengths of 1 inch* On the specimens having over-all widths 
of 44 inches, the buckling characteristics of the compres- 
sion flanges were also investigated by measuring deflections 
at 1-inch intervals along the longitudinal center line of 
the flanges. All specimens were loaded in increments to 
failure • 

5. Figure 2 shows the dimensions of the stiffened 
flat-sheet panels fabricated from the 0. 054-inch material. 
The specimens were all approximately 18*b inches long and 
were each composed of four 1~ by 1-J by ± inch angles, riv- 
eted in pairs to the edges of a flat-shoct panel. In or- 
der to cover a wide range of buckling loads, specimens 
having widths of 2, 3, 4, and 5 inches between stiffencrs 
were provided. Tabic II gives the essential section ele- 
ments . 

Edge compression tests were made on these specimens 
in a 300,000-pound capacity Amsler hydraulic- type testing 
machine, using fixed bearing heads fitted with leveling 
rings. Lateral deflection and permanent-set measurements 
were taken at 1-inch intervals along the longitudinal cen- 
ter line of the panels by means of a dial indicator, grad- 
uated in thousandths of an inch, used in conjunction with 
a reference frame fastened to the testing machine heads. 
Strains were measured on eightocn 2-inch gage lines at the 
center section of each panel by a Berry strain gage. 

The procodtire followed in those tests was to apply 
increments of load, measuring lateral deflections at each 
increment, until buckling of the sheet became apparent. 
Prom this point on, permanent-set readings were taken af- 
ter each increasing load. Strain measurements were taken 
at a sufficient number of loads to indicate the distribu- 
tion of stress before and after buckling of the sheet and 
to indicate the first yielding of the stiffencrs. Each of 
these specimens was tested to failure of the complete panel. 
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DISCUSSION OF- RESULTS 
Tensile and Compressive Properties of Materials 

Ta"ble III gives a summary of the tensile and the com- 
pressive properties for the materials used. Although thero 
is considerable variation in properties for the different 
lots of material, all values are cbove the specified mini- 
mums for "both plain and alclad 24£~T sheet; in fact, tho 
properties for tho 0,064-inch shoot are above those speci- 
fied for this alloy in the RT condition (reference 3). 

The ratios of the strengths obtained for the alclad 
to those for the plain mate* ials are oi interest in connec- 
tion with tho results obtained in the £truct n ;,ral tests. 
It would simplify comparisons if tho protective coatings 
of the alclad accounted for tho only differences "between 
the properties of the materials used "but such was obvious- 
ly not the case. 

Bending Tests on Single Thicknesses of Sheet 

Figure 3 shows the load-dof lection and permanent-set 
curves obtained from bending tests on single thicknesses 
of each material. Two significant differences in behavior 
will be noted: (l) permanent sets were observed in the 
alclad specimens almost from the start of the tests, indi- 
cating stresses in the extreme fibers exceeding the, elas- 
tic strength of the coating material; and (2) the deflec- 
tions of the alclad specimens within the estimated elastic 
range of the core material were about 20 percent greater 
than indicated for the plain, specimens of equal thickness. 

Figure 3 shows that the difference in flexural stiff- 
ness found for tho plain and the alclad specimens corre- 
sponds very closely to that computed, if only 93 percent of 
the thickness is assumed to be effective in the case of the 
alclad. Such a value of effective thickness does not seem 
unreasonable in view of the fact that protective coatings 
normally account for about 11 percent of the total thick- 
ness and it does not seem necessary to neglect their stiff- 
ening effect entirely. Because of the large ratios of 
v/idth to' thickness of specimen involved in these tests, the 
computed deflections shown in the figures were based on a 
modulus of elasticity oqual to E/(l - p, 8 ) , where E =s 
10 f 300 f 000 pounds per squaro inch and jj, = l/3. Such a 
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computation procedure was apparently not as justified for 
the 0.250-inch as for the 0. 054-inch material, but this 
fact has no "bearing upon the differences in the flexural 
stiffness observed for the two materials. 



Column Tests on Single Thicknesses of Sheet 

Figure 4 gives the results of the column tests on the 
1-inch-wide strips of 0. 250-inch sheet. As would "be ex- 
pected from the 20-percent difference in compressive yield 
strength of the plain and the alclad materials given in 
table III and the differences in flexural stiffness shown 
in figure 3, the column strengths of the alclad specimens 
were less than found for corresponding specimens of plain 
material. For comparative purposes, two computed column- 
strength curves are shown in figure 4; one is based on the 
compressive yield strengths of the materials (reference 4) 
and the other is based on values of tangent modulus used 
in the Eulcr equation for elastic buckling (reference 4). 
In the case of the plain material, the computed column- 
strength curve based on tangent moduli is in good agreement 
with measured values, while the more common straight-line 
relation gives values that are somewhat low in the range 
of intermediate effoctivc slendcrness ratios. The strength 
of the alclad specimens were below thoso computed by either 
of the foregoing methods, excopt for low slendcrness ratios 
where the yield strength of the material was a predominant 
factor. Although neither of the two methods of computa- 
tion has over been suggested as being strictly applicable 
to alclad material, their principal weakness is that they 
do not take into account the influence of the coating mate- 
rial upon flexural stiffness. 

Figure 5 shows the column strengths for the alclad 
specimens based on the assumption that only 93 percent of 
the full thickness was effective. The strengths indicated 
by the tests and the corresponding effective slendcrness 
ratios are about 7 percent higher than shown for the same 
specimens in figure 4. From the good agreement found be- 
tween these modified test results and the computed column- 
strength curve based on the same reduction in effective 
thickness, it appears that the column strength of single 
thicknesses of material may bo ostimated by the reduced- 
thickness method proposed. 
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Bending Tests on Sox Beams 

Figure 5 shows the load-deflection and the permanent- 
set curves obtained from the tests on the box beams fabri- 
cated from 0.064-inch sheet. Although permanent sets oc- 
curred earlier in the alclad specimens than in those of 
plain material and there was some difference in flexural 
stiffness, the influence of the alclad coating material 
was "by no means as pronounced as found in the "bonding tests 
on single thicknesses of material* The explanation for 
this difference is that the flexural stiffness of built-up 
sections does not vary as the cube of the sheet thickness, 
as in the case of bending of a single thickness of material 
about its own centroidal axis, but varies approximately as 
the first power of the thickness. 

For purposes of comparison, two sots of computed load- 
iof loctioxa relations have been shown in figure 5; one set 
is based upon the full thickness of the shoot elements, 
and the other is based upon a 93-porcont effective sheet 
thickness. The procedure based on 93-percent thickness 
resulted in computed deflections about 7 pcr.-ccnt greater 
than obtained using full thicknesses. In the bending 
tests on single- thickness specimens, it will be recalled, 
the same procedure resulted in a 20-percent difference in 
flexural stiffness. It appears from the good agreement 
obtained between measured and computed deflections that 
the use of the off cctive- thickness method for predicting 
the flexural stiffness of built-up alclad beams is as sat- 
isfactory as for predicting the behavior of this material 
under any of the other types of loading considered. Al- 
though load-stress data have not been included here, they 
were entirely consistent with the behavior indicated by 
the measured deflections. 

Measurements of local buckling in the compression 
flanges of the 4i-ineh-wide beams indicated typical buckle 
patterns, although it was not possible to determine when 
buckling first occurred. It was evident, however, that 
buckling occurred earlier in the alclad than in the beam 
of plain material and that local permanent sets were first 
obtained in th-e' ^l'clad beam. A comparison of the measured 
deflections indicated that appreciable buckling did not 
occur in the compression flanges of either material for 
loads loss than those computed as critical for an assumed 
condition of fixed edges (reference 5, p. 41). In the case 
of the alclad beam, an effectivo shoet thickness of 93 per- 
cent was used in the computation of flango buckling load. 
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Table IV gives a summary of the ultimate loads car- 
ried by the "box "beams with the corresponding maximum com- 
puted bending stresses or moduli of failure. Failure oc- 
curred in all cases by buckling of the compression flanges, 
as shown in figure 7. Although several rivets were broken 
in the 2$-inch-widc specimen of plain 24S-T, thero was no 
evidence of primary rivot failure, 

From a comparison of the results given in tables III 
and IV, it may be seen that the modulus-of-f ailur e values 
were all less than the compressive yield strengths of the 
materials; the differences are about 5 percent in the case 
of the 2|-inch-wido spocimens and 20 to 25 percont in the 
case of the 4^- inch-wide specimens. These percentages, 
based on the elements of the full-beam sections, would not 
be altered by using an effective sheet thickness of 93 per- 
cent for the alclad specimens because both the modulus-of- 
failurc values and the compressive yield strengths would bo 
changed by the same amount. The moduli of failure were 
from 25 to more than 100 percent greater than the computed 
buckling strength of the flange sheets alone, assuming 
fixed edgos at the line of rivots. The groatest differ- 
ences were found, of course, in tho widest specimens, where 
the influence of buckling was most pronounced. It is clear 
that the theoretical buckling strength of the flange sheets 
alone does not provide a satisfactory basis for predicting 
ultimate beam strengths, since failures obviously cannot 
occur until the resistance of the combined flange and web 
is exceeded. Table IV shows that a better estimate of ul- 
timate load may be obtained by assuming failure to occur 
at a stress equal to the compressive yield strength of the 
material, acting on an assumed effective flange area after 
buckling (reference 5, p. 45). The predicted loads ob- 
tained by this method averaged^ within about 10 percent of 
the test values # 

Table IV indicates that tho ultimate strength of the 
2f-inch-wide alclad beam was about 83 percent of that de- 
veloped by the corresponding spocimen of plain material. 
The strength of the 4^— inch-wi de alclad specimen was 73 
percent of that found for the corresponding plain spocimen. 
These percentages correspond very closely to tho tensile 
and the compressive yi eld- strength ratios given for the 
Q # 0S4~inch plain and alclad sheet in table III. 
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Compression Tests on Stiffened Flat-Sheet Panels 

Figure 8 siliows typical load-deflection and permanent- 
set curves as well as buckle patterns for the stiffened 
flat panels of 0.064-inch sheet. It ,is clear that the 
alclad panels ."buckled at loads somewhat less than found 
for similar specimons of plain material and that the "buck- 
ling loads and the number of waves in all buckle patterns 
increased with decreasing width of sheet between stiffen- 
ers* Permanent sets occurrod in the alclad panels almost 
with the first evidence of buckling; whereas, in the plain 
specimens no evidence was obtained to show that permanent 
sets in any case resulted from excessive deflection of the 
sheet # 

Figure 9 shows a set of average load-strain curves 
for the eighteen 2-inch gago lines located on the widest 
panels tested. The curves for all gage lines except 4 and 
13 on the center line of tho panels are approximately the 
same and arc typical of those obtained for the correspond- 
ing gage lines in the panels of all other widths. Propor- 
tional limits in tho vicinity of 60,000 to 80,000 pounds, 
corresponding to average computed stresses based on the 
gross aroa of 20,000 to 30,000 pounds per square inch, 
were indicated by the strains measured in the stiffeners. 
Strain readings taken on the stiff ener angles after the 
application of loads of this magnitude clearly indicated 
permanent sets in all panels, regardless of width, so that 
any evidence of permanent buckling in the plain. 24S-T 
sheet panels at these loads would appear to b,c the result 
of stiffener yielding rather than excessive sheet deflec- 
tion, A comparison of the average strains measured on 
gage linos' 4 and ISwith those measured at all other points 
indicates the extent to which sheet, buckling influenced 
tho distribution of load. Only in the case of tho speci- 
mens having a clear width of 2 inchos botwoen stiffeners 
did tho avorage load-strain curves indicate a uniform dis- 
tribution of stress across the panels for. the entire range 
of loads investigated. 

The selection of critical buckling loads from load- 
deflection curves of the kind shown in figure 8 is obvi- 
ously not a very exact procodure and buckling was arbi- 
trarily assumed to occur at loads corresponding to the 
points of inflection estimated on tho load-dof loc ti on 
curves. Such values, as has boon found from similar tests 
of stiffened flat-sheet panels, should be in tho vicinity 
of the critical loads determined by the Southwell method 
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(reference 5) of plotting loads against ratios of load to 
deflection. The method proposed by Dunn (reference 7) , of 
plotting loads against the squares of tho dofloctions, is 
applicable to these data but givos critical loads consist- 
ently less than those indicated by tho point of inflec- 
tion. Tho point-of-inf loction criterion gave buckling 
loads in fair agreement with the "break" or apparent point 
of buckling on tho load-strain curves obtainod for gage 
lines 4 and 13. 

Table V gives a summary of estimated buckling loads 
for those cases in which sheet buckling occurred before 
general yielding of the entire panels. Although there may 
be some question about tho magnitudes of tho critical loads 
selected, tho important observation to be made from theso 
tests concerns the relative buckling resistances of the 
plain and alclad panels. As may bo seen from the table, 
tho ratios of buckling loads for the two materials ranged 
from 0.71 to 0.91. For purposes of comparison, theoreti- 
cal buckling loads based upon a condition of fixed edges 
and assuming an effoctive sheet thickness of 93 percent 
for the alclad, aro also included in the table. Consider- 
ing the indof ini toness involvod in the experimental deter- 
mination of buckling loads, the agreement between observed 
and computed cri t i cal- 1 oad ratios for the two materials is 
reasonably satisfactory. 

Figure 9 shows a typical comparison of average meas- 
ured and computed stresses for several loads. Although 
strain measurements were limited to gago lines parallel to 
the direction of loading, it was assumod that the corre- 
sponding strossos might be determined by assuming a state 
of unidirectional stress. Tho curvos indicate a reasonably 
uniform distribution of stress across, the width of the pan- 
els for loads less than the buckling values. The average 
measured stresses, moreover, were in good agroemont with 
those computed. For loads greater than the buckling val- 
ues, the results indicate that tho center portion of the 
sheet carried less than its share of tho load. 

Table VI gives a summary of tho ultimate loads carried 
by the stiffened flat-sheet panels as well as the corre- 
sponding average compressive stresses based on both gross 
and net effective areas. Effective sheet thicknesses were 
not used for the alclad panels because the resulting ef- 
fects on total areas were less than 1 percent. 



10 



ITACA Technical iloto ITo. 321 



Table VI also shows, for purposes of comparison, the 
computed column strengths of the different panels based 
on the net effective areas of the panels and the compres- 
sive yield strength of the stiffener material. These com- 
puted strengths range from 6 to 9 percent less than the 
tost rosults basod upon the net effective areas. Figure 10 
shows the stiffened flat-sheet panels after failure. 



CONCLUSION 



It is concluded from those comparative tests of sev- 
eral different typos of structural elements that tho flex- 
ural stiffnoss and buckling resistance of alclad 24S-T 
sheet may bo predicted in tho same manner as for plain 
24S-T sheet, provided that only 93 percent of the thick- 
ness of the alclad is assumed effective. Where material 
properties enter into such computations for alclad as, for 
example, in the derivation of a column formula based upon 
compressive yield strength, these properties should bo in- 
creased by the ratio of the full thickness do the assumed 
effective thicknoss. 

In order to obtain' equal floxural stiffness and re- 
sistance to buckling in alclad and plain 24S-T sheet, it 
appears that the thickness of the alclad should be about 
7 percent greater than that for the plain sheet. In cases 
where the tensile .str.on.gth- of the material rather than tho 
floxural stiffness or the resistance .to buckling governs 
structural behavior., however, alclad 24S-T sheet should be 
about 11 percent thicker than plain 245-T. sheet, based on 
present allowable strengths (r pf crencc ; 8 ) . 

The marked .difference in floxural permanent- s ot char- 
acteristics of single, thicknesses of plain and alclad 
24S-T sheet reflects the low elastic strength ox the alclad 
coating material but has little bearing upon tho relative 
load-carrying capacities of tho two materials in struc- 
tural applications. 

Although tho tests described in this report were lim- 
ited to samples of plain and alclad 24S-T sheet, it seems 
reasonable to conclude that about tho same relative be- 
havior would be found between plain and alclad 24S-HT and 
17S-T sheet,, in which alclad coatings of high-purity alumi- 
num aro used* 



Aluminum Research Laboratories, 

Aluminum Company of America, 

ITew Kensington, Pa., June 13, 1941. 
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TABLE I 



Section Elements of Box Beams 







Shoot 


Over -all 


Over-all 


Moment of 


Section 


Material 




thickness 


wl dth 


depth. 


inortia 


modulus ' 






(in,) 


(in.) 


(in.) 


(in. 4 ) 


(in. 3 ) 


24S-T 




0.035 


2.75 


3.14 


l e 43 


0.93 


Alclad 245- 




o 0 6 3 


2.74 


3.13 


1.37 


.89 


24S-T 




,065 


4.49 


3.13 


1.94 


1.37 


Alclad 24S- 


T a 


• 0 52 


4. 51 

- , _.. i 


3.13 


1.90 


1.24 



'Elements for alclad specimens based on full thickness of 
shoot . 

For stress at middle plane of flange sheet. 



TABLE II 



Section Elements of Stiffened Flat-Sheet Panels 



Panel 
width 
"between 
stif - 
f eners 
(in.) 


Sheet thickness, 
t 

(in.) 


Gross area 
( s q in.) 


Computed effoctivo area 
after sheet buckling"' 3 
(sq In.) 


Plain 
24S-T 


Alclad 
24S-T 


Plain 
24S-T 


Ale lad 
24S-T 


Plain 
24S-T 


Alclad 
24S-T 


5 
4 
3 
2 


0.0650 
.0540 
.0565 
.0650 


0.0535 

• 0 6 3 0 

• 0535 
.0535 


2.88 
2.74 
2.69 
2. 61 


2.86 
2.73 
2. 37 
2.51 


2.59 
2.58 
2.50 
2.59 


2.59 
2.58 
2.59 
2.59 



a Area of sheet plus area of four 1-| by 1^ by \ inch angles 
(2.32 sq in. ) . 



Effective widths of panel after "buckling assumed equal to 

54G0t /0 
; . (See reference 5 f o. 45.) 

/Ti eld strength 



TABLE III 



Mechanical Properties of Material 





Nominal 
thick- 
ness 


Tension 


Compressive 
vield strength 
(Set=0.2 percent) 
C.Y.S. 
(lb/sq in.) 










Material 


Yield strength 
(Set=0.2 percent) 
T.Y.S. 
(lb/sq in.) 


Ultimate 
strength 
T.S. 
(lb/sq in.) 


Elongation 
in 2 in. 


C.Y.S. 


uaoios oi streng^n 
Alclad 24S-T 


T.Y.S. 


Plain 24S 


-T 




(in.) 


(percent) 




T.Y.S. 


C.Y.S. 


T.S. 


24S-T a 
Alclad 
24S-T 


0.250 
.250 


47,000 
45 , 900 


70 , 000 
66,300 


18.0 
20.5 


49 , 600 
39,500 


1.05"! 
.86/ 


0.98 


0.80 


0.95 


24S-T 
Alclad 


.054 
.064 


62,700 
48,900 


77,100 

65.400 


17.0 
19.0 


46 t 500 
39^500 


.74) 
.81/ 


.78 


.85 


.85 


24S-T 

(angle) 


.250 


51,300 


67,900 


20.0 


44,000 


.86 




- 







Specimens cut normal to direction of rolling. For all other materials, specimens were cut parallel 
to direction of rolling. 



o 

CD 
O 
I' 

o 

H 

o 

C* 
CD 



00 
CO 
H 



H 



TABLE IV 



Ultimate Strengths of Box Beams 



Material 


Uominal 
beam 
width 

(in.) 


Ultimate 
load 


Modulus of 
failure 

(lb/sq in.) 
(a) 


Computed truckling 
stress for 
flange sheet 

(lb/sq in.) 
(b) 


Fredicted ultimate . 
load based on C.Y.S. 
and effective 
i i. a ii.^ t? J. c a 

(lb) 

(c) 


Ratio of moduli 
of failure 

a 1 ^1 «^ o Ac* m 

plain 24S-T 


24S-T 

Alclad 34S-T 


2| 


6950 
5520 


44, 800 
37,100 


34,300 
30,100 


6350 >> 
J 

5320 


0.83 


24S-T 

Alclad 24S-T 


4 
4 


7900 
6000 


37,400 
29,100 


16,700 
14,100 


6640 
5570 


.78 



a Based on section elements ^iven in table I. 

^Computed using equivalent slenderness ratios in column formulas. (See reference 5, p. 41.) 
Fixed ed^es assumed at rivet lines. Effective thickness of 93 percent assumed for alclad 
sheet . 

c See reference 5, p. 45, for determination of effective width. 



TABLE V 



Buckling Loads for Stiffened Flat-Sheet Panels Subjected to Edge Compression 



Panel 
width 
between 
stif- 


3uckling loads estimated from 
load-deflection curves (lb) 


3uckling loads estimated from 
load-strain curves (lb) 


Theoretical buckling loads for 
fixed edges (lb) (a) 


Plain 


Alclad 


Alclad 


Plain 


Alclad 


Alclad 


Plain 


Alclad 


Alclad 


i euers 

( * \ 
Un. J 


24S-T 


24S-T 


Plain 


24S-T 


34S-T 


Plain 


24S-T 


24S-T 


Plain 


6 


27,000 


20.000 


0.74 


28,000 


20,000 


0.71 


, 600 


i 18,000 


0.80 


4 


44,000 


40,000 


.91 


48,000 


40,000 


.83 


45 , 800 


38,200 


.83 


3 


72,000 


64,000 


.89 




64,000 




74,800 


62,000 


.83 


2 














9 6,900 


85,000 


.88 








— 










Computed using equivalent slenderness ratios in column formulas . (See reference 5, p. 41.) 
Effective thickness of 93 percent assumed for alclad sheet. .Buckling loads based on gross 
areas for both plain and alclad panels. 



TABLE VI 

Ultimate Strengths of Stiffened Flat-Sheet Panels Subjected to Edge Compression 



Fanel 

width 
between 

stif- 
fens rs 

(in.) 


Ultimate load 
(lb) 


Corresponding stresses (lb/sq in.) (a) 


C orcput e d 

column 

strength 

(lb/sq in.) (b) 


Gross area 


Effective a.rea 


aft or buckling 


plain 
24S-T 


A 1 c 1 a c\ 
24S-T 


Plain 
24S-I 


Alclad 
24S-T 


Plain 
24S-T 


Alclad 
243-T 


6 


128,500 


126,700 


44,600 


44,300 


49,600 


48,900 


Ron 


4 


124,800 


124,900 


45,500 


45 , 800 


48,300 


48,400 


45,500 


3 


126,600 


125,600 


47,000 


47,000 


48,700 


48,500 


45,500 


2 


126,800 


125,700 


48,600 


48,200 


48,900 


48,500 


45,500 



Based on areas given in table II. 

°3ased on effective areas and compressive yield strength of stiff ener material. 
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Figs. 




Deflections and permanent sets at center of span, in. 
Figure 3.- Load-deflection and permanent set curves for single thicknesses of material. 



Computed column strength curves based on 
"compressive yield strength of materials:" 
_for 24S-T: P/A = 61 ,90O-587KL/r (KL/r<70), 
/.'for Alclad 24S-T: P/A = 47 ,300-392KL/r (KL/r<80) 




-1/4" (nominal- 
thickness) I 



K = 6. 5( assumed) 



Column specimen, tests 
made using fixed heads." 



> Computed column strength curves based on tangent - 
modulus values in Euler equation. 



P TT 2 E 

a (5/FF where E = 

/10,300,000 Ib/sq in 



20 40 60 80 100 120 140 160 
Effective slenderness ratio. KL/r 



180 200 220 240 



Figure 4.- Column strength of 1/4-inch sheet. 
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Figs. 5,6 
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Figure 5. 



Computed column strength curve 
based on modified compressive 
yield strength. (Value in table 
III* 0.93). P/A = 51,500-446 
KL/r (KL/r < 77) 




i i I r 



L 1- 



1/4 M (nominal 
thickness) - 



.Column specimen, tests 
made using fixed heads. 
• K = 0.5(assumed) H 



4- 



P Tf F 

A = (KL/r) 2 where E = 10 i 300 » 000 
lb/sq in. 



20 40 60 80 100 120 140 160 180 
Effective slenderness ratio, KL/r 



200 220 240 260 



Column strengths of 1/4- inch thick Alclad sheet based on 93 percent effective 
thickness, r = 93 percent of radius of gyration based on full thickness. 
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Deflections and permanent sets at center of span, in. 



Figure 6.- Load deflection and permanent set curves for box beams 
fabricated from 14-gage sheet. 




Figure 7.- Box "beams after failure. 




-3 

Figure 10.- Stiffened flat-sheet panels after failure. ^ 
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Figs. 8,9 
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Alclad 24S-T 



b/t = 91.0 
b/t = 94.5 
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Lateral deflections and permanent 
sets measured at 1-inch intervals 
on longitudinal center line of 
all panels 
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t ~ sheet thickness 
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Figure 



Lateral deflections and permanent set, in. 

8.- Typical load deflection and permanent set curves for stiffened flat-sheet 
panels. Buckle patterns are shown for 96,000 pound load on 24S-T panels. 
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100,000 
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Average measured stress 
- Average computed stress (gross area) 



P = 68,000 lb 
-- P = 44,000 lb 
- P = 20,000 lb 



Comparison of measured and 
computed stress distribution 





,002 



Strain, in. per in. 



Figure 9.- Compressive load-strain curves and stress distribution in stiffened flat- 
sheet panels. 



